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(54) EXHAUST GAS PROCESSOR 
(57)Abstract: 

PURPOSE: To reduce NOx and particulates in exhaust 
gas by low temperature plasma under the atmospheric 
pressure. 

CONSTITUTION: A substrate layer 1 made of a high 
electric conductivity material, an electronic insulating 
layer 2 made of a ceramic material and an electrode 3 
made of a heat resisting, high electric conductivity 
material are constitutionally laminated. An AC source 5 
is connected between the substrate layer and electrode 
to excite oxygen remaining in exhaust gas by low 
temperature plasma under the atmosphere so that C02 
is generated by reaction of excitor to particulates, and 
NOx is decomposed by the excitor. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION . 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] It sets to internal combustion engines, such as a diesel power plant, and this 
invention is NOX in exhaust gas. And it is related with the flue-gas-treatment equipment which can 
reduce a party curate. 
[0002] 

[Description of the Prior Art] NOX in the former and exhaust gas Clearance is NOX in exhaust gas by 
usually being carried out by introducing the exhaust air into a three way component catalyst in the case 
of the general gasoline engine, but in the case of a diesel power plant etc., being unable to use a three 
way component catalyst, since there are many amounts of oxygen in exhaust gas, but using a reduction 
catalyst. He is trying to purify, however, the conventional reduction catalyst ~ low - warm ~ ** - a 
broad temperature requirement ~ NOX activity obtains -- not having ~ NOX sufficient in an internal 
combustion engine like a diesel power plant It has the problem that it cannot purify. 
[0003] It is NOX in exhaust gas by the excitation energy according [ in order to solve this problem, 
generate the low-temperature plasma under atmospheric pressure, and ] to this low-temperature plasma. 
The research report that it can decrease is made (the Institute of Electrical Engineers of Japan paper 
magazine B, 463rd page - the 467th page of the 1 1 3 Heisei 5 five No.). 
[0004] 

[Problem(s) to be Solved by the Invention] however , NOX unstable [ in respect of repeatability ] and 
stabilize in order to perform plasma discharge in the method by the above-mentioned low-temperature 
plasma , apply high electric field to inter-electrode space , as a result of electric field changed with the 
presentations of gas and the effects of external humidity which exist in space it have the problem that 
reduction be impossible , and a promising result be obtain about a party curate . 
[0005] This invention solves the above-mentioned problem and is NOX in exhaust gas by the low- 
temperature plasma under an atmospheric pressure. And it aims at offering stability and the flue-gas- 
treatment equipment which can be reduced effectively for a party curate. 
[0006] 

[Means for Solving the Problem] Therefore, a substrate layer which flue-gas-treatment equipment of this 
invention becomes from a high electrical conductivity material, Carry out the laminating of an electronic 
insulating layer which consists of a ceramic material, and the electrode which consists of a heat-resistant 
high electrical conductivity material, and it is constituted. NOX according to CO two generations and an 
excitation kind for connecting AC power supply to inter-electrode [ said / substrate layer and inter- 
electrode ], exciting residual oxygen in exhaust gas by low-temperature plasma under an atmospheric 
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simultaneously, and constitutes a honeycomb object, and a configuration which folded up foil material 
in the shape of a layer are mentioned. Moreover, a catalyst bed may be prepared in a front face of an 
electronic insulating layer, and a treatment effect can be promoted in that case. Moreover, an electrode 
protective layer can also be prepared so that an electrode top may be covered. 
[0008] 

[Function] This invention is NOX according to CO two generations and an excitation kind for exciting 
the residual oxygen in exhaust gas by the low-temperature plasma under an atmospheric pressure, and 
being theoretically, based on the reaction of an excitation kind and a party curate. Decomposition is 
aimed at. In this case, it is thought that the ozone generated by excitation of residual oxygen can 
participate in a reaction. Although the example of a reaction is shown below, an ozone related reaction 
etc. can be considered. 
[0009] 
[Formula 1] 

0. ■ »o*' 

Oa*-*2 0 

C+O-^CO 

CO + NO-*l/2Na+COi 

0**+N0^NOa+O 
2N02-*Nb+20i 

0+NO^N02 

NO > NO' 

NCT+N0-*N a + 02 

c + o»*-»co« 

CO + O -*COt 

[0010] 

[Example] Hereafter, the example of this invention is explained, referring to a drawing. A typical plan 
and drawing 2 are typical cross sections in which drawing 1 shows one example of the flue-gas- 
treatment equipment of this invention, drawing 1 (A) shows a typical cross section, and drawing 1 (B) 
shows other examples of the flue-gas-treatment equipment of this invention. 

[001 1] In drawing 1 , the flue-gas-treatment equipment of this invention consists of a layered product 4 
which consists of the substrate layer 1, an electronic insulating layer 2, and an electrode 3, and AC 
power supply 5 connected between the substrate layer 1 and an electrode 3. In addition, a catalyst bed 6 
may be formed in the front face of the electronic insulating layer 2, and a treatment effect can be 
promoted in that case. Moreover, the electrode protective layer 1 1 can also be formed so that an 
electrode 3 top may be covered, as shown in drawing 2 . 

[0012] Since the substrate layer 1 makes one electrode serve a double purpose, it is conditions that it is a 
1 more than [ 100-ohm electrical conductivity to 1 cm to ] high electrical conductivity material. This to 
an alloy is the most desirable. Moreover, since the temperature of the exhaust gas of a diesel power plant 
is the range which is usually 200-800 degrees C, and that the ceramic and coefficient of thermal 
expansion of the electronic insulating layer 2 are near lessens peeling and crack initiation of the 
electronic insulating layer 2, it is desirable. Coefficient of thermal expansion of a ceramic is small, and 
since an alloy is a material with a large coefficient of thermal expansion, in an alloy, it is desirable to 
choose the low coefficient-of-thermal-expansion material not more than 12xl0-6/degree C. As this 
example, SUS 410, 405, and 430 of ferrite system stainless steel which is a Fe-Cr alloy, and the alloy for 
sealing with the glass which contains nickel 35 to 50% in Fe are mentioned. 

[0013] The thickness of the substrate layer 1 has desirable 30-300 micrometers. The processing force at 



11 



• 1 • U 1 1/^1 f^f\f\A 



Page 3 of 4 



the time of performing deformation processing, such as the shape of a wave, in 300 micrometers or more 
becomes large, problems, such as attaching a blemish to the electronic insulating layer 2, occur, the 
product yield is reduced, creation (usually strip processing) of an alloy board 30 micrometers or less will 
become expensive technically, and there are few practical merits. 

[0014] The electronic insulating layer 2 has the high demand of isolation voltage to a desirable ceramic 
material, for example, Si3N4, aluminum203, Si02, MgO, Zr02 and Ce02, and MgAl 204 etc. - a 
spinel material — such mixture is mentioned further. Moreover, these are basic materials and may make 
these contain an additive. For example, Zr02 The thing which made Y203, CaO, etc. contain 1 to 15% 
is mentioned. Especially the material (10xl0-6/degree C) of aluminum 203 (8xl0-6/degree C) with a 
comparatively big coefficient of thermal expansion, Zr02 (10xl0-6/degree C) and Ce02 (12x10- 
6/degree C), MgAl 204, etc. is desirable also in the above-mentioned ceramic. 

[0015] As the coat method to the substrate layer 1 of the electronic insulating layer 2, there are the slurry 
applying method, dip coating, and a sol gel process as vapor growth (PCVD a CVD method, electron 
beam evaporation, law, etc.) and a wet method, and an organic compound, powder, etc. of a ceramic raw 
material can be used as a wet raw material. 

[0016] The thickness of the electronic insulating layer 2 has desirable 0.005-50 micrometers. Usually, it 
is not so difficult to obtain the voltage of 1-1000V from the general power supply which the actuation 
electric field of plasma discharge are 200 kV/cm, and includes a mounted power supply comparatively 
cheaply. Therefore, it is set to 1000V/(200 kV/cm) =50micrometer. However, when it takes into 
consideration that that the homogeneity to which it comes from the isolation voltage of a ceramic and 
the fabrication precision of the existing film attachment technology restrains minimum thickness further, 
and generating a crack at the time of wavelike processing of a ceramic restrain maximum thickness, 0.2- 
20 micrometers is more desirable. Stability and increase in efficiency are attained by making the 
electronic insulating layer 2 thin as much as possible. 

[0017] An electrode 3 is formed by the various configuration patterns besides a pectinate form shown in 
drawing by screen-stencil, the dispenser method, etc. It is desirable that it is high electrical conductivity 

and is the heat resi s tant high material which hears the ambient temperature nf evhaiiRt g as as a material 

of an electrode 3. LaMn03, LaNi03, and LaCo03 which can specifically be used for the electrode of a 
solid electrolyte fuel cell other than metals, such as Ag, nickel, and Cu, or an alloy etc. — a perovskite 
system material, and Sn02 and In 203 etc. — it is mentioned. Although resistance is low and the thicker 
one of the thickness of an electrode 3 is desirable, since screen-stencil is a general manufacturing 
technology, a pectinate form electrode etc. has desirable 5-200 micrometers in cost. 
[0018] as a catalyst bed 6 — oxygen ion conductivity materials, such as a zirconia and Seria, LaMn03, 
LaNi03, and LaCa03 etc. ~ mixed impalpable powder, such as the ion and the electronic mixed 
conductivity material with which a perovskite system material serves as an example, and transition 
metals, is mentioned. 

[0019] The electrode protective layer 1 1 has the role which protects an electrode from the phenomenon 
of deteriorating by corrosion or plasma etching, when a controlled atmosphere is humid. A material can 
use the same thing as the electronic insulating layer 2. 

[0020] Drawing 3 is drawing for explaining the example of manufacture of the flue-gas-treatment 
equipment of this invention, and drawing for drawing 3 (A) to explain the manufacture method and 
drawing 3 (B) are the perspective diagrams of equipment. 

[0021] The layered product 4 explained by drawing 1 is manufactured so that it may become the long 
foil material 7, the foil material 7 is fabricated for this foil material 7 to a wave through between two 
wavelike processing rolls 8, the wave-like foil material 7 of two sheets is simultaneously wound up with 
the sense which the substrate layer 1 and an electrode 3 do not contact from both directions, and the 
honeycomb object 9 is manufactured. Then, after connecting lead wire to the substrate layer 1 and an 
electrode 3, the honeycomb object 9 is joined by low attachment into an outer case 10. 
[0022] As mentioned above, although the example of this invention was explained, this invention is not 
limited to the above-mentioned example, and various deformation is possible for it. For example, in the 
above-mentioned example, although the wave-like foil material 7 of two sheets is wound up and the 
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honeycomb object 9 is manufactured, one foil material 7 may be made plate-like. Moreover, you may 
make it the structure which folded up the foil material 7 in the shape of a layer instead of a honeycomb 
object. What is necessary is in short, just to constitute exhaust gas so that exhaust gas and the plasma 
may fully contact since it is necessary to perform 3 / space- velocity processing of hr 3 000- 10000m. 
[0023] 

[Effect of the Invention] Since plasma discharge is performed through the ceramics according to this 
invention so that clearly from the above explanation, there is little effect by change of a gas presentation 
like before, and it is NOX in exhaust gas by the low-temperature plasma under an atmospheric pressure. 
And stability and an effect target can be made to reduce a party curate. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
dam ages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] One example of the flue-gas-treatment equipment of this invention is shown, drawing 1 (A) 

is a typical cross section, and drawing 1 (B) is a typical plan. 

[Drawing 21 It is the typical cross section showing other examples of this invention. 

[Drawing 31 It is drawing for explaining the example of manufacture of the flue-gas-treatment 

equipment of this invention, and drawing for drawing 3 (A) to explain the manufacture method and 

drawing 3 (B) are the perspective diagrams of equipment. 

[Description of Notations] 

1 [ — A layered product, 5 / - AC power supply ] - A substrate layer, 2 - An electronic insulating 
layer, 3 - An electrode, 4 

6 ~ A catalyst bed, 9 honeycomb objects, 1 1 - Electrode protective layer 
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* NOTICES * 

Japan Patent Office is not responsible for any 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] . . 

[Claim 1] NOX accord to the CO two generations and an excitation kind for carry out the laminating of 
a substrate layer which consist of a high electrical conductivity material , an electronic insulating layer 
which consist of a ceramic material , and the electrode which consist of a heat-resistant high electrical 
conductivity material , constitute , connect AC power supply to inter-electrode [ said / substrate layer 
and inter-electrode ] , excite residual oxygen in exhaust gas by low-temperature plasma under an 
atmospheric pressure , and base on a reaction of an excitation kind and a party curate the flue gas 
treatment equipment characterize equipment by decompose 
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DRAWINGS 



[Drawing 1] 
(A) 




(B) 




[Drawing 2] 




[Drawing 3] 
(A) 




(B) 9 
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